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Summary
During my PhD. research people often asked me the question: ”What is it
you are actually doing?”. In this summary I will try to anwser that question
again, hopefully without going into to much in-crowd details. In this thesis
we treated thin layers of titanium-oxide, vanadium-oxide, chromium-oxide
and iron-oxide with different ratios between the metal and the oxygen. The
thin layers are really thin, namely a millionth of a millimeter, also called a
nanometer. These thin layers are produced by vaporizing the layer material
in vacuum and in this way deposit the layer onto a slice of crystal, also
known as a substrate. By varying the deposition rate and by choosing an
appropriate substrate we can grow the thin layer in a crystalline form on
top of the substrate.
In chapter 2 we discussed the influence of the substrate on the growth
and properties of titanim-oxide, or TiOx, with x varying between 0.71 and
1.28. Actually these are two effects mixed together, namely the effect of the
substrate and the effect of the oxygen content on the properties of the thin
layer. Our measurements show that above a certain value, on our scale, a
superstructure appears. A superstructure is a crystal structure that has a
bigger unit cell than the mother material from which the superstructure
emerges. By making a so called RHEED rotation image we were able
to resolve this superstructure. It turns out to be a material with a unit
cell that is one and a half times as large as that of the original NaCl
structure. The cell therefore has 6 instead of 4 positions available for
atoms. Because we make TiOx with a ratio titanium : oxygen of about
1 : 1, there is space for 3 titanium and 3 oxygen atoms. It turns out
that somewhere in the unit cell an oxygen atom is missing, which is also
called a vacancy. This is responsible for the observed superstructure. We
also performed electrical resistivity measurements on our thin layers. These
show a different behaviour for resistance versus temperature for layers with
and layers without superstructure. This again shows we are dealing with
two different kinds of layers.
In chapter 3 we treated the superstructure of a really thin layer of Cr1−xO.
This superstructure was determined by X-rays produced at a synchrotron.
A synchrotron is a very intense X-ray source. The most important part of a
synchrotron is an evacuated ’storage ring’ with a diameter of a few hundred
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meters. In this ring electrons are accelerated to almost lightspeed. Because
the ring is not really a circle, but a series of straight pipes laid out in a circle,
the electrons lose some of their energy in the form of radiation. This so called
synchrotron radiation mainly is very intense X-ray radiation and it is very
usefull for resolving effects that are not observable with conventional X-ray
radiation. The measurements we performed at the synchrotron show that
the superstructure of chromium oxide is identical to that of titanium oxide
of chapter 2 but with a different orientation with respect to the substrate.
In the last chapter, chapter 4, we had a look at polar surfaces. These
are surfaces that are so heavily charged that they are not possible to exist
according to nowaday theory. This is because, in the case of a polar surface,
only one kind of atoms with one kind of charge is located at the surface.
When we take NaCl, better known as salt, as an example, the polar surface
would only consist out of Na+ or only out of Cl− ions. In our case for
TiOx the polar surface would consist out of only Ti
2+ or only O2− ions.
With the aid of our measurements we show how nature solves this problem.
Our explanation for this phenomenon is that the layer does not grow out of
titanium and oxygen atoms separately, but out of so called building blocks.
These building blocks consist out of an electrically neutral and non-polar
combination of metal and oxygen atoms. When we construct a layer out of
these building blocks, we grow in a polar direction but the layer remains
electrically neutral.
